





























ADVERTISEMIENT.

{Monograph XII1.]

The publications of the United Stales Geelogical Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

“The publications of the Geological Survey shall consist of the annual veport of oparations, gen-
logical and economic maps illustrating the resources aud classilication of tho lands, and reports npon
general and ecenomic geology and paleontology. The aunual report of operations of the Geological
Survey shall accompany the annual report of the Secretary of the Interior. All speeial memoirs and
reports of said Survey shall be issued in uniform quarto series if deemed necessary by the Divector, but
otherwise in ordinary octavos. Three thousand copies of each shall be published for scientitic exchanges
and for sale at the price of publication; and all literary and cartographic matorials reccived in exelungo
shall be the property of the United States and torm agpart of the library of the organization: And th.
woney ’resulting trom the sale of sneh publications shall be covered into the Treasury of the United
States.”

On July 7, 1332, the following joint veselution, referring to all Governmsnt publications, waus
passed by Congress:

“That whenever any document or report shall be ordered printesdl by Congress, there shall be
printed, in addition to the number in each case stated, the ‘usnal number’ (1,900) of copies for bindiug
und distribution anong those entitled to receive them.”

Except in those casessin which an extra number of any publication has been snpplied Lo the Sur-
vey by special resolution of Congress or has been ordered by the Secretary of the Intcrior, this oflice
has ne copies for gratuiteus distribution.

ANNUAL REPORTS.

1. First Aonnal Reportef the United States Geological Survey, by Clarence King. 1830, 59, 79
pp. 1 map.—A preliminary report deseribing plaun of orgauizatiou and publications.

II. Second Annnal Report ef the Untted States Geologioal Survey, 1884-°81, by J. W. Pawell.
1882, 8°. lv, 583 pp. 61 pl. 1 map.

1I1. Third Aunual Report of the United States Geological Sarvey, 1331-°82, by J. W. Powell.
1883. 89, xviii, 564 pp. 67 pl. and maps.

IV. Fonrth Aunual Report of the United States Geological Survey, 1882-'83, by J. W. lowell.
1834, 8% xxxii, 473 pp. 85 pl. and maps.

V. Fifth Aunnual Report ol the:United States Geological Survey, 1883-84, by J. W. Powell.
1885, 8°. =xxxvi, 46Y pp. 58 pl. and maps.

VI. Sixth Anuunal Report of the United States Geological Survey, [884-'35, by J. W. Powell.
1-86. 89, xxix, 570 pp. 65 pl. and maps.

VII. Seventh Annnal Report ot the United States Geological Survey, 1885-"86, by J. W. Powell.
1833. 89, xx, 656 pp. 72 pl. and maps.

The Eighth and Ninth Aunual Reports are in press.

MONOGRAPIIS.

Menograph 1 is not yet published.

1I. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Datton, Capt., U. 8. A.
1832, 49, xiv, 264 pp. 42 pl. and atlas ot 24 sheets folio.  Price $10.12.

III. Geology ol the Comstock Lode and the Washoe District, with atlas, by George F. Becker.
1R=2, 49, xv, 422 pp. 7 pl. and atlas of 21 sheets folio.  Price $11.

IV. Comstock Mining and Miners, by Eliot Lord. 1883, 49°. xiv, 451 pp. 3 pl. Price $1.50.

V. The Copper-Bearing Rocks of Lake Supcericr, by Roland Duer Irving. 1883, 4°. xvi, 464 pp.
15 1. 20pl. Priee§1.25.

V1. Contributions to the Knewledge of the Older Mesozoic Flora of Virginia, by William Movris
Fontaine. 1883, 4°. «xi, Mtpp. 541 51 pl. Price §1.05.

V1I. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1381, 4°, xiil, 200 pp.
16 pl. Price $1.20. .

V1I. Palooutology of the Enreka District, by Charles Doolittle Walcett., 183f. 4°. «xiii, 293 pp.
241, 21pl. Price $1.10.
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1. On lTypersthene-Andesite and on Trielinic Pyroxenc in Augitic Rocks, by Whitman Cross, with
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cents,

2. Gold and Silver Conversion Tables, giving the eoining values of {roy ounces of tine metal, ete.,
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PREFACE.

The field work of the investigations recorded in this volume occupied
nearly the whole of three seasons, beginning in 1883. - All the mines might
have been examined and the maps colored in a much shorter time, but it
was found soon after the examinations were begun that they could not be
completed satisfactorily without also solving some important general prob-
lems affecting the whole region, and much of the time spent was devoted
to these questions.

The examinations of the Knoxville and New Idria distriets furnished
me with strong paleontological and structural grounds for believing that
an important and previously undetermined non-conformity existed in the
Coast Ranges. On my application, Dr. C. A. White devoted one season to
examining my collections of fossils and their field occurrence with me. He
indorsed my conclusions in all respects. The paleontological statements
of this report are all on his authority, excepting where otherwise accredited,

It was found that the quicksilver districts of California afforded a re-
markable opportunity for the investigation of the metamorphism of Meso-
zoic rocks and that it was highly desirable to determine what connection, if
any, existed between the formation of ore deposits and this metamorphism,
The investigation occupied much time and was most laborious.

‘It was known before these investigations were undertaken that the
deposition of cinnabar was probably still taking place at Sulphur Bank and
Steamboat Springs. It was of course necessary to make an effort to dis-
cover whether such was really the case, and, if so, under what conditions
the solution and precipitation of cinnabar and tlie accompanying minerals
occurred. The problems presented by this inquiry were far from being
simple or readily solved. _

Dr. W. H. Melville has had charge of my laboratory throughout the
period covered by these investigations. He has made all the analyses re-
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X1V PREFACE.

corded in this report, as well as a large part of the experiments. A portion
of his time has been occupied in investigations which are not recorded here,
but whieh I hope to publish soon. IIis work has been very difficult, but
entirely satisfactory to me.

Mr. IIL W. Turner has assisted me in all the field work, and Chapter
XTI is written from his notes.  His aceuracy and powers of observation have
been very valuable to me.  Mr. Waldemar Lindgren joined me only in time
for the last scason’s field work.  Iis assistance in the microscopical lithology
has been very efficient and important. I could not without aid have accom-
plished in a reasonable time so trying an investigation as that of the meta-
morphie rocks of the Coast Ranges.

For myself, I may say that 1 have studied with care in the field
every portion of the areas surveyed in detail ; I spent months at the micro-
scope and made many important chemical-experiments on the solubility of
ores. It has been my endeavor to do justice to all sides of a very fine sub-
jeet and to draw only legitimate conclusions from the facts observed by my
assistants and myself. I approached the problems mentioned above entirely
without preconceived ideas of the solutions to be reached, and have expressed
my conclusions as to the geology of California or of other regions without
regard to the opinions of others; hut, while entertaining some confidence in
the correctness of my results for the region surveyed, I do not even incline
to the hypothesis that all erystalline sedimentary rocks have a history similar
to that of those which I have described or that ore deposits are all formed in
a similar way. ,

The superintendents of the mines examined have afforded me every
facility, often at inconvenience to themselves, and I have much to thank
them for. Mr. Louis Janin has supplied me with many valuable notes
gathered in his large experience as a mining expert. Mr. Frank Reade, who
assisted me in examining the Comstock lode, was surveyor of the New
Almaden mine during the period covered by the prﬁsent investigation, and
hie prepared for me the excellent plans and sections of that mine.

In addition to these who took part in the present investigation I am
indebted to numerous previous observers, to whom I have endeavored to
assign due credit in the proper places.
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Readers will perhaps notice the absence of illustrations of magnified
thin sections in this volume. After having presented in a former report
illustrations of this kind which are generally acknowledged to he unsur-
passed by any yet published, I have come to the conclusion that the lessons
which they teach do not repay their cost in time and money.

I have thought it best to make each chapter in this volume as far as
possible independent of the rest. In doing so I am sure that I meet the
wishes of many readers who will care to consult only certain portions of
the book. This plan, however, involves some repetition, which may prove
wearisome to continunous readers, I crave their indulgence in this respect
for the sake of the larger class. Personally, I should prefer never to re-
state a fact or an opinion.

After the manuscript of this report was substantially completed I was
authorized to visit the great Almaden mine in Spain and the Tuscan deposits,
Such a visit was almost essential to the purposes of the investigation ; for the
results which I had reached from study of the American deposits differed in
important respects from the conclusions of some geologists respecting the
great Spanish deposit. If they were right, it became necessary to warn
American miners that cinnabar might be looked for under very different
conditions from those described in this volume. If the greatest quicksilver
deposit of the world proved similar in its mode of occurrence to those of
California, the conclusions drawn from the latter would gain greatly in
strength. I had the satisfaction of finding that the deposit of Almaden
showed an association with eruptive phenomena, a structure, and a mineral
association similar to those which are typical of the Pacific slope. Such
statements as that the Ahmaden ore bodies are not veins, that the cinnabar
is free from other sulphides, that it is accompanied by no gangue minerals,
that it was deposited with the inclosing rocks, that it is deposited by sub-
stitution for sandstone, and that there is no evidence of a connection between
the deposition and eruptive phenomena—these allegations are, in my judg-
ment, erroneous. The Tuscan deposits, too, I found similar to some in Cali-
fornia. Ouly a few notes concerning my studies of these mines are included
in this volume. I exvect to write more fully of them hereafter.

JuLy, 1887.






BRIEF OUTLINE OF RESULTS.

Quicksilver appears to Le rather more than three times as abundant in snatnre as silver. The
quicksilver produced in the world from I&850 to 1835, inclnsive, weighed 1.74 times as much as the silver
produced, but the value of the silver was about I6.4 times that of the quicksilver. The great quick-
silver-producing localities of ‘the world have been Almaden in Spain, Idria in Austria, Huancavelica
iu Pern, Calilornia, and the province of Kwei-Chau in China. No statisties are known to exist of the
Chinese product, The total known products of the other regions take rank in the order in which they
are named above, but of late years Peru bas produced nothing and from 1850 to 1885 California yielded
about half the total product. Tho production ef Ttaly is more important than it is nsually assumed
to be. In 1886 the yield was 7,478 flasks. The production of California, which was ncarly 80,000
flasks in 1877, was only abont 30,000 in I&86.

A chain of quicksilver deposits of very greatly varying commercial importance almost girdles the
world. Beginning in Spain, these deposits are distribnted along the great chain, including the Alps,
Caucasus, and Himalayas te China; thence through Japan along the eastern edge of the Asiatic conti-
nent to the Aretie cirele. Beginning again in Alaska, the deposits follow the western Cordilleras down
to Chili. Diief descriptions of the more important or more intercsting of these deposits are given in
Chapter 11 and serve as an introduction to the discussions of the deposits of the Pacific slope.

The sedimentary rocks of the Coast Ranges of California are almost all compesed of granitio
detritus. A portion of these havo heen subjected to very intense metamorphism and have heen con-
verted into fhorongh]y crystalline rocks, in part schistose. These rocks are of Cretaccous age and aro
grouped as psendodiabase, pseudodiorite, glancophane-schists, pbthanites, and serpentine. Very
elaborate field studies, microscopical examinations, and chemical analyses of these rocks are given in
Chapter HI, which is mainly devoted to the investigation of their origin and the processes by which
they have become recrystalline.  The conclusion reached is that dynamical action, fugether with
warm waters earrying maguesian salts and siliea in solution, effceted the metamorphis o at the epoch
of an execedingly violent npheaval. This chapter also includes an investigation of concretions in
sandstone, which are referred to the action of organic matter, and an analysis of the couditions under
which decomposition will produee rounded nedules, like pebbles.

The massive rocks of the quicksilver areas include granite, ancient porphyries, andesites, rhyolite,
and basalt. A new group of andesites is discussed, for which the name asperifes is suggested. It is’
shown that these rocks are of variable mineralogical composition, even in the same eruptions, while
all of them sharc a trachytic habitus. The name is simply a latinized equivalent of trachyte. Very
remarkable andesitic and basaltic glasses occur near Clear Lake in areas of unusnal size. These
glasses are extremely acid, but contain alse 2 very high percentage of alkalis, and it is becauso of this
peculiar chemical eomposition that they have failed to crystallize, not because they have cooled more
rapidly or nnder less pressure than the accompanying crystalline rocks. An attempt is also made to
show that the original crust of the earth was granitic and reasons are given for helieving that the
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primeval reck is expesed in California. The lavas burst threngh the granite, and the cencluslen is
rcaehed that they eannet pessibly eensist of remelted sediments.

The histerical and struetnral geelogy ef the quicksilver belt is diseussed in Chapter V. 1t is
shewn that the metamerphesed rocks pass over into early Crutaceens heds containing a very eharae-
teristie fossil of the genus Aucella. Seen after the era in which this mollusk lived — the Neocomian —
occurred the great upheaval whieh indneed the metamorphism, The next strata in point of age coni-
prise a hitherto undetected grounp of the middle Cretaccous called the Wallala beds. They were laid
dewn uncenformably on the already metamorphesed Neocomian. At the very end of the Cretaceous
the Chico series were depesited for the most part en the metamorphie roeks and unconformably with
them. Following the Chico are the Téjen beds, which are here regarded as Eocene; but there was -
centinuity of life and of sedimentation from the Chice to the Téjon, or fiom the Cretaceouns to the Ter-
tiary —a state of things deteeted nowhere else in the northern hemisphere. Upou the Téjon tie the
Miecene roeks with no netable nen-conformity. The elose of the Mioceno was marked by an impor-
tant upheaval, which was recognized by earlier observers. The voleanie period seems to have begun
nearly at this time. The end of the Pliocene was alse marked by disturbanees, and most of the asper-
ites seem to have been ernpted at this epeeh. The ore deposits stand in elose relation te the voleanie
phenomena and are probably nearly or qnite all Post-Pliocene.

The gold belt of California eontains Aucella-bearing beds in Mariposa and Tuolumne Connties.
This shell is of the same species as that in the Coast Ranges, and the first knewn upheaval of tlese
meuntains was centemperaneens with an important addition te the Sierra Nevada. A description of
various forms of ducella from different pertiens of the world, by Dr, C. A. White, with plates, forms an
appendix te this ehapter.

Deseriptive chapters follow dealing with the varieus districts of which detailed surveys were made.
Eaeh of these districts affords special facilities for the study of seme speeial topic. The Clear Lake
region contains fresh-water Pliocene beds, and in it the age of the andesites ean be determined. It
alse contains remarkable areas of veleanie glass. - At Sulphur Bank cinnabar is being precipitated from
heated waters largely by the action ef ammenia. At Knexville, besides tho ore depesits, there are
admirable epportunities for determining the age of the metamerphie roeks and for studying the precess
of alteration. At New Idria the nen-eonformity between the metamerphie roeks and the Chico and the
eentinuity hetween the Chieo and Téjon appear. The New Almaden mine is partienlarly well adapted
for the study of the strueture of the ore deposits. At Steambeat Springs cinnabar is being deposited
witheut the complicatious intreduced by the presence of ammonia.

In Chapter XII the Great Western, Great Eastern, and Napa Consolidated mines are described, aud
in the next chapter mere or less information is given eoneerning eaeh of over fifty miner deposits on
the Pacific slope. Seme of these have been productive mines, while others are mere prespects or possess
only a geologieal interest.

A geueral Qdiscussion of the deposits deseribed follows, including the ennmeration of the gangue
minerals, the micrescepical character of ores, ete. 1t appears that the einnabar has been deposited
solely in pre-existing openings, and never by substitution for reek. The fissure systems, whieh are
always present, are very irregular, and depesits cannet be conveniently elassified aecording to existing
systems. A new descriptive term, ‘ ehambered vein,” is suggested, which would inelnde nearly all
the depesits. A chambered vein is defined as a depesit eensisting of an ere-bearing fissure and of ore
bedies contignens with the fissnre which extend into the country rock. It appears that all of the
depesits deseribed have prebably been depesited in the same way from hot sulphur springs,

Chapter XV deals with the processes by which the ore has been dissolved and precipitated in
nature, It is shewn by experiment and analysis that einnabar nnites with sodinm sulphide in various
proportions, ferming seluble deuble sulphides, and that these compounds can exist in sueh waters as flow
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GEOLOGY OF THE QUICKSILVER DEPOSITS OF THE
PACIFIC SLOPE.

By GEORGE F. BECKER.

CHAPTER I.

STATISTICS AND HISTORY.

Relative value of quicksitver—'T'l1e_exeeptional physical and chemieal properties
of quicksilver give this metal a pecaliar position in the markets of the world,
which it is desirable to illustrate by comparison with that of other metals,
The normal price of a metal is slightly, and only slightly, greater than the
average cost of production ; for competition forces prices towards a minimum
and in every industry there are individual establishments which, through
errors in judgment or want of foresight, work at an actual loss.  For purposes
of comparison it is fair to assume that the average cost of production is not
far from 90 per cent. of the average price. Irom Jaununary, 1850, to Janu-
ary, 1886, the average price of quicksilver may be taken at about S50 a
flask, though the flnctuations have been so great and so frequent that a pre-
cise mean could not possibly be reached. The average total cost has prob-
ably been about S15, or say $1.30 a kilogram. It costs about twenty-nine
times as much to produce a kilogram of silver and four hundred and sixty
times as much to produce a kilogram of gold. These facts afford sufficient
proof that quicksilver is a far more abundant metal than is silver. Were
quicksilver and silver produced in exactly equal quantities and were the
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2 QUICKSILVER DEPOSITS OF THE PACIFIC SLOPE.

extraction equally expensive, the cost of production would be substantially
proportional to the abundance of the metals in nature. The weight of quick-
silver produced is considerably in excess of the weight of silver. Were the
quicksilver product about three-fitths of the actual amount and were the
richer deposits only worked as a consequence of this restrietion, the metal
could be produced still more cheaply. The cost of reduction per kilogram,
however, is trifling for quicksilver, but very considerable forsilver. Making
due allowance for this fact, it appears that quicksilver must be three or more
times as abundant in nature as silver.

The quantity of metal produced bears an intimate but not a simple
relation to the selling price. Iligher prices would stimulate the production
of quicksilver, but restrict consumption for certain purposes and to a certain
extent. With some metals decrease of price brings with it a greatly in-
creased consumption, but this has not hitherto proved to be the case with
quicksilver, which is employed for very few purposes in large quantities.
The consequence is that, in comparison with the quantity produced, quick-
silver is"the cheapest of metals; or, in other words, the valne of the total
product is very small.  The total weight of quicksilver produced in the past
thirty-six years is less than twice as great as that of silver, but the total
value of the quicksilver is only one-sixteenth that of the silver. The world
has yielded nearly one-sixteenth as much gold as quicksilver during the past
thirty-six years, but the total gold product is worth thirty times as much as
that of quicksilver. Tin is a metal sharing some properties with quicksilver,
and, if one compares frozen quicksilverwith tin, the likeness is much strongen.
The tin produced in thirty-six years weighs about six times as much as the
quicksilver; but, because the demand for tin is insatiable, the price remains
sufficiently high to make the total value of the tin more than twice as great
as that of quicksilver.

These relations may be suceinctly expressed in a table such as the fol-
lowing, which gives the total weights and values, the value of a kilogram of
each metal, and the relative quantities when gold, silver, and quicksilver are
each regarded as unity.  Silver is now worth much less than the mint value;
but, for a great part of the period which has elapsed since 1850, this metal
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has been at a slight premium. The mint value is thus sufficiently close to
the average for the present purpose. The data as to the gold and silver
products are compiled from figures given by Dr Soetbeer and Dr. Kimball.!
The figures for tin are only approximations, but are close enough for the
purpose’ In estimating the total quicksilver I have supposed, with Mr,
Randol, thai the average yearly product, besides that of Almaden, Idria,
and California, is 2,000 flasks® The mean value is assumed at 850 a flask.

The world’s product of four metals from January, 1850, to January, 1SS6.

’ { Total product. | Total valuo, Value per kilogram,
| Wi 2 A R v tad 4T
l Kilograms. | Approximate ratios. Dollars, Approximate ratios.| Dollars. | Approximate ratios.
. |
] —
Gollly, 2.l ... 6,484,922 | 1. 0.11 | 0.064 | 4,309,879, 16! 1. 1.70 / 20.3 66160 1. 16, 458,
Silver | 58,054,906 | 8.9} 1, 0.57 | 2,413,203, 111 0.56 1. |16.4 41.5676 | 0,083 b, 28.7
Quicksilver... 101, 300,000 ‘ 15.6 il 146, 800, 0.0 0.03 0.06 | 1 1.45 0.002 | 0.035 1.
HIONT, ... &, .. 620,000,000  95.6 | 10,7 | 6.12 322, 407,0.0 0.7 ‘~ 0,13 | 2.2 0. 52 0.0008 | 0.013 ‘ 0. 36

Usss for quicksitver.—'T"he low value of quicksilver, which is abnormally small
considering the comparative rarity of the metal, is due to its restricted use.
It is true that the number of purposes to which quicksilver is applied is
very great; but most of these applications imply the consumption of trifling
quantities of the metal. A single flask of quicksilver in the form of mir-
ror-backs, thermometers, or medicines goes a long way. The great mass
of the metal is employed in the amalgamation of ores and in the manufact-
ure of vermilion. As only certain silver ores can be economically amalga-
mated, the demand for this purpose fluctuates greatly. The bullion of the
Comstock was all extracted by this process, but amalgamation is not appli-
cable to any of the ores of Leadville. The demand for vermilion also is
limited by the competition of other red pigments. A few years since, Mr,
J. A. Baur, of San I'ranciseo, devised a means for the extirpation of phyl-
loxera, which consists in intimately mixing clay with gunicksilver (or “ex-

! Report of the Divector of the Miut, 1835, pp. 169 and 171,
2 They are estimated from data eontained in Mr, J. A, Phillips’s Ore Deposits and statisties which
I gathered at the Paris BExposition of 1373 (Reports of the United States Commissioners, vol, 4).

3'This for the later years is much too small. The Tuscan mines are said to be producing about six
bundred flasks a mounth.
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tingnishing” quicksilver with clay) and adding this material, which is
substantially blue mass, to the soil in which the vines are planted. The
process seemed at first successful, but subsequently failed to give the de-
sired result. Prof. K. W. Hilgard* has experimented on the process and
found it eutirely successful when properly earried out.  No lead or oil should
be added to the quicksilver, and the soil either must be sandy or, after im-
pregnation with mercury, must be warmed in a hot sun or by artificial
means, to saturate it with mercurial vapor. Should this process be widely
introduced it would greatly enlarge the market for quicksilver and would
correspondingly benefit the mining industry.

Comparison between various mining regions.—(Quicksilver has been produced in large
quantities in but few localities. The principal productive regions have been
Almaden in Spain, Idria in Austria, Kwei-Chaa in China, Huancavelica in
Peru, and California.  Italy has yielded a little quicksilver for a long time
and a considerable number of localities elsewhere have had a temporary or
loeal importanee, but none is to be compared with those enumerated in the
last sentence.  Peru is now producing no quicksilver and the Chinese pro-
duction is small, but it is certain that the Chinese deposits are not exhausted
and Huaneaveliea may possibly resume production when the conditions for
intelligent exploitation are better.

Such geological interest as attaches to the occurrence of exceptionally
large quantities of cinnabar is independent of the question of future produe-
tiveness, and a few historical notes on the past yield may be welcome to the
reader. :

The great quicksilver mine of the world is Almaden, which has been
worked sinee at least 415 years before the Christian era, and pérhaps still
longer. What quantity of ore was extracted from it in ancient times and
in the Middle Ages there is no means of knowing, further thau that Pliny
reports 10,000 pounds of cinnabar a year as brought to Rome from Almaden
(nisapo). The produet was certainly never large until the amalgamation
process was invented in 1557. Since that time the product has increased
pretty steadily, and the output since 1850 is nearly equal to that of the
entire eighteenth century. The deposit is said to grow richer in depth

!Seience, vol. 6, 1535, p. 407, aud vol. 7, 1836, p. 462,
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and is certainly far from heing exhausted; on the contrary, in the method
of exploitation followed, large pillars of ore are left as reserves. The con-
tents of these reserves would be sufficient to yield the nusnal product for
very many years to come, but no authoritaiive statement of the total amount
of metal contained in them has been made. 'The total recorded yield is
nearly fowr million flasks.

The deposits of Tdria were discovered, according to some authorities,
in 1490; according to others, in 1497. Since 1580 they have been worked
by government officials for public account. The mines and reduction |
works are extremely well managed, and the greatest additions which have
been made to the technology and geology of qnicksilver have come from
this establishment. The mine is worked at a large profit, and in 1880 the
director, that eminent mining geologist, the late M. V. Lipold, stated wit
evident and justifiable pride that the average elear profit to the state for the
preceding sixty-five years had been 365,000 florins’ per annum.  The profit
in 1874 lacked but a few thousand of 2,000,000 florins, and in only three
of the sixty-five vears was there a deficit. As at Almaden, the deposit
grows stronger in depth, and in 1880 the reserves were known to contain
no less than 30,142,000 kilograms, or 873,504 flasks of 75 Spanish pounds.
The total known produet up to January, 1886, is over a million and a half
of flasks; but no data were preserved for some forty years during the term
which had elapsed since work began. The produet of Idria has been about
three-eighths of that of Almaden.

_ In northern Ttaly, at no great distance from Idria, are several deposits,

of which the principal is the Vallalta. There is also a series of mines in
Tuseany stretching along the western coast of Ttaly. Some of the de-
posits are of eonsiderable commereial importance. The product is given
by Mr. A. ¥Achiardi as fellows, in kilograms:

1879, ‘ 1850, l

H : ’ t
| 1860. 1870. | 1878,
' 3,500! 15,000 | 120,563 129,000' 115, 940

PRSP KR R i v, T e A e e T L ! 30,250' 31,192 3,080 | 2,4m| )
| !

I
i
i
|
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! Austrian paper money. A florin, silver, is $0.4373, The value of paper tiuctuates. At 45 cents
the above yearly profit would he $164,250.
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This table serves to show how the quicksilver mining industry has
been transferred from Vallalta to Tuscany. The snum of the products here
given for five years is 13,087 flasks, Spanish standard, or an average of
2,617 flasks a year. From 1850 to 1860 the average was probably con-
siderably lower. Since 1880 it has been greater.!

The ore deposits of Iuancavelica, in Pern, were discovered soon after
the invention of the amalgamation process. There are over forty deposits
in the distriet, but the prineipal mine was the Santa Barbara. This mine
was sometimes worked by the state and was sometimes leased to private
parties on condition that the metal obtained should be made over to the
state at a fixed price. Stealing, however, was prevalent to sueh an extent
that merchants flocked to Inancavelica with no inconsiderable swms of
money to buy from miners and foremen the metal which it was their duty
to turn into the treasury. The technical management seems to have been
as bad as the business administration of this property, and there can be
little doubt that skillful and honest work wonld have seeured a far larger
total output: With all disadvantages, the Santa Barbara mine alone yielded
to the state about .as much quicksilver as has thus far been produced in
California.

Of the mines of Kwei-Chau, in China, very little is known. Baron von
Richthofen, however, a most excellent judge, believed this district to be
the richest quicksilver region in the world.

Table of products.— | have thought it worth while to bring the figures repre-
senting the known production of the more important quicksilver regions
together for comparison in the following table. The figures for Almaden
are taken from a memoir by Mr. L. Kuss® and data furnished by Mr. J. B.
Randol? In Mr. Kuss's table of produet for 1800 to 1875, there is a misprint
amounting to 1,000,000 kilograms. Mr. Randol’s data prove that the total
for this period given by Mr. Kuss is correet and that the misprint is between
1800 and 1850. The product of Almaden for 1885 was 47,026 flasks. The

! Aceording te data furnished to me by the snperintendents of the Siele and the Cornachino mines
(the only ones at work, so far as I can ascertain, in Tunseany), the average product for the five years
1881 to 1885 was 5,780 flasks. The preduect for 1286 was 7,473 llasks.

? Annales des mines, vol, 13, 1878, p. 150,

3Mineral Resources U, 8. 1833 and 1834, p. 492,
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data for Idria up to January 1, 1880, are from an official publication. The
amount of quicksilver definitely known to have been produced in the six-
teenth century is 2,934,000 kilograms. “At the beginning of the seven-
teenth century the production rose, and;-beginning with 1612, the product
was for some years 1,680 metrical centals annually. During the later years
the average yearly product was 1,120 centals.” I shall assnme that this
latter and smaller output extended over seventy years. This assumption,
in combination with the fignres just given, leads to the total product prior
to 1800 which appears in the table. The production of Idria from 1800
onwards is from exaet official figures® The data for Huancavelica are
taken from Mr. M. E. de Rivero’s memoir on the district.?

The data from 1571 to 1790 are for the Santa Barbara miue alone,
from which the state received 1,040,469 quintals 30 pounds 15 ounces dur-
ing this period. The known produect subsequent to 1790 inecludes other
mines as well as the Santa Barbara.

P oduel of the principal districts, in Spanish flasks of 75 Spanish pounds or 34.507 kilo-
grams.

i . [ First reeord.| Up to 1700. | 1700 to 1800. 1800 to 1850. 1300 to 1886. Total to Jan., 1886.

el %4

Year.
MR S . 2. . e 1564 517, 684 ’ 1,221,477 1,091,075 | 1, 135, 576 3,965, 812
AR .o e o e e e . 1 1525 399, 861 | 608, 743 242, 226 301, 549 1,552, 379
Hubneavelica.....coecvnceen. 1571 881, 867 543,642 i L A SR RS | 1,501,113
(L] a8 A S AN 1880 |...... £ I 1 ........................... ’ 1, 429, 346 | 1,429, 346

1,799,412 | 2,373,862 1,408, 905 2, 866, 471 8, 448, 650

Discovery of California deposits.— 11 the last century Mexico was almost entirvely
dependent upon Spain and Peru for the quicksilver needed for the amalga-
mation process. As this process was indigenous to Mexico and was also a
national industry peculiarly suited to her resources, it was fdt to be %pecmll}

! Das k. k. Queeksilberwerk zu Idria in Krain, 1831,

#In the memoir already referred to, Lipeld gives the product of the mine from 1800 to the end of
1879 at 78,430 metrical centners, whieh is 227,432 flasks. ’'I'he present direetor, Mr. Joh. Novik, has
been good enough to supply me with the following figures, in flasks:

1880. | 188l 1882, 1883. 1884, ' 1885. 1586,

BrodBefofaItitie’. .. ........ccoc0veaeieiiiiinnnnn 10, 510 ' 11, 333 11,632 13,158 | 13,968 13, 501 14,495

?Memoria sobre el rieo mlucml 410 azogue do lIlnncm chea, Lima, 1848.

UXIVER )rh‘
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desirable that quicksilver mines should be developed on her own soil.
Accordingly, as far back as 1783, quicksilver mining was made the subjeet
of special legislation. A quicksilver fund was established out of the publie
revenues for the purpose of promoting the discovery and development of
quicksilver mines. On every hundred weight of the metal produced a bounty
was paid, and a large sum was offered to those who should suceeed in pro-
ducing a speeified quantity annually.!

Not only are there many skillful miners and prospectors in Mexico,
but so universal is the interest in the subject that a knowledge of ores has
become almost instinetive among Mexieans. It would be supposed that,
when their natural acuteness in mineralogy was sharpened by the promised
rewards, some of the many ecinnabar deposits of California would have
been discovered within a few years after the promulgation of the ediets of
1783; but this did not happen for more than sixty years.

1t has been asserted that the California Indians knew of the cinnabar
of New Almaden and used it for paint long before the Spanish-American
immigrants became acquainted with it. The evidence on this point seems
to be quite inconclusive, and it is not impossible that the incident is bor-
rowed from the history of Peru, where, as all historians are agreed, the
subjects of the Incas were familiar with the use of vermilion. The same
story has been related within a few years of Nevada Indians. It is hard to
say whether it is more probable that the aborigines repeated the same series
of discoveries in personal adornment at these three points or that the whites
have foreed the same characteristic anecdote into service a number of times,
with changes of names and dates. It has also been asserted that the Spanish
Californians excavated cinnabar at New Almaden and used it to paint the
mission church at Santa Clara. The occurrence was certainly known as
carly as 1824, when Antonio Sufiol and Luis Chaboya erected a mill on a
neighboring stream and endeavored to extract silver from the cinnabar. A
second attempt of the same kind was made in 1835. Late in 1845 Andreas
Castillero, a Mexican officer who was on a journey to Sutter’s Iort, passed
throngh Santa Clara. The mysterious ore was shown to him, and he is

U The notes on Lhe history of the discovery of quicksilver in California are derived from the testi-
mony in tho casc of The United States vs. Andreas Castillero, decided by the Supreme Court, December
term, 1862. (Bluek’s 8. C. R., vol. 2.)
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said to have visited the mines. e shortly afterwards retwrned, and what
occurred, according to the testimony of Jacolh P. Leese, is so curious and
interesting as to be worth quoting:

About the latter part of November, oF first of Deecember, 1845, I went into the
mission of Santa Clara to dine with Padre Real, of the mission. Mr. Castillero was
there. Onr geneval eonversation through dinner was about this wine and of experi-
ments which Castillero had Dbeen trying to find ont what the mineral was. 1le made
a remark and said he thonght he knew what it was. If it was what he supposed it
was he had made his fortune. We were anxious to know what it was. He got up
from the table and ordered the servant to pulverize a portion of this ore. After it
was pnlvevized he ordered the servant to bring in a hollow tile full of lighted eoals.
He took some of the powdered ore and threw it on the coals. After it got perfeetly
hot lie took @ tnmbler of water and sprinkled it on the coals with his tingers. He
then emptied the tumbler and pnt it over the eoals npside down; then took the tum-
bler off and went to the light to look at it; then made the remark that it was what
lre supposed it was—¢ quicksilver.,” He showed all who were there the tumbler, and
we fonnd that it was frosted with minute globnles of metal, which Castillero eolleeter
with his finger and said it was quicksilver. e then said to-morrow he wonid test it
thoroughly aud find ont what it was worth. Ile eonsidered it very rich on aecount of
the weight of the ore, and if it proved as rich as the guicksilver mines in Spain, that
the Mexican governmeut had offered to any one for the discovery of sneh a mine in
the Repnblic of Mexico one hundred thonsand dollars.

Like so many Mexican practices, this test has a very quaint and medi-
eval character, but it was nevertheless founded upon corrvect principles and
was calenlated to afford a demonstration of the presence of quicksilver
withont the use of reagents which were, perhaps, inaceessible to Castillero.
By the nse of glowing ceals and water he effected a steam-roasting of the
ore, which was sure to liberate metallic mercury if cinnabar was present,
and the cold wet tumbler acted as an efticient closed condenser. The test
was, in fact, equivalent to the ordinary blow-pipe test in a closed tube, the
action of alkaline reducing agents being replaced by that of steam.

Castillero Iaid claim to the property as a mine containing silver, gold,
and quicksilver. e either had diffieulty in thinking of a mine contain-
ing no precious metals or thonght it expedient to make his claim sufliciently
broad. There was nothing wnnatural in the association, for the three metals
are found together at almost innumerable points in America and Ilarope.
In the opinion of the Supreme Court of the United States, indeed, this as-
sociation constitutes an inconsisteney which tended strongly to impair the
validity of the entire claim, hut judicial geology is well known to belong
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to a special sehool.  Work was begin almost immediately under Castil-
lero’s direction, gun-barvels being unsed as retorts. These insignificant
rednction works have now grown to very imposing dimensions, but the
gnantity of ore in sight is no longer so satisfactory.

The other deposits of California have been fonnd in part by systematic
prospecting and in part by accident. The Redington mine was discovered
in making excavations for a highway. The Sulphur Bank, as its name im-
plies, was worked for sulphur for some time hefore the presence of the un-
derlying cinnabar was suspected.  The very high prices which quicksilver
brought in 1874 and 1875 greatly stimunlated produetion and the discovery
of deposits. None of those found grows richer as depth from the surface
increases, but most of them are very imperfectly developed, and, as will he
shown in subsequent chapters, this feature depends npon peculiarities of the
systems of fissures connected with the ore deposits, not npon characteristies
of cinnabar. It is by no means impossible that great deposits of cinnabar,
comparable with those of Idria, if not with those of Almaden, still exist in
California. Noune such, however, is now known and the amount of ore
in sight is not great.

Production in California.—I'he following table of production of the mines of
California has been compiled from year to year by Mr. J. B. Randol and is
well known to those interested in the subjeet.
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Production of quicksilver on the Pacific Slope, in flasks of 763 pounds avoirdupois— Cont’d.
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This column lncludes, in 1882, 50 tlasks produced in Oregon.
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Geographical position of mines— ['he following list will enable the reader to find
some of the mines mentioned in the preceding table, as well as others to be
referred to later, on the sketch-map of California (Pl T) and to appreciate
approximately the geographical position of others:

Distribution of quicksilver mines.

(Mines marked » are in the Mayacmas district.)

Abbott, Colusa couuty. | Mt. Jackson, Sonoma county.

Altoona, Trinity county. Napa Consolidated, Napa couuty.
Awmerican (M), Lake county. New Almaden, Santa Clara county.
Bacou (m), Lake connty. New Tdria, Fresno county.

Bella Uuioo, Napa county. Oakland (>1), Senoma ceunty.

Bu‘ckeyc, Colusa couuty. Oceanic, San Luis Obispo county.
California (Reed), Yolo couuty. Ocean View, San Luis Obispo couuty.
Cervo Bonito, 1'resno connty. Picacho, San Benito county.

Cloverdale (M), Sonoma county. Pope Valley, Napa county.

Enriquita, Santa Clara counuty. Rattlesnake (m), Sonoma county.
Guadalnpe, Santa Clara county. Rediugton, Napa county.

Great Eastern, Sonoma connty. Reed (samo as California), Yolo county.
Great Eastern (m), Lake county, San Juan Bautista, Santa Clara county.
Great Western (M), Lake county. St. John, Solano county.

Keuntucky (), Sonoma county. Stayton, San Benito county.

Little Panoche, Fresno couuty. Steamboat Springs, Ormshy county, Nev,
Los Prictos, Santa Barbara county. Suuderland, San Luis Obispo county.
Manhattan, Napa connty. Wall street (M), Lake connty.
Manzauita, Colusa county. -

Other interesting statistical information with reference to quicksilver
may be found in the Mineral Resources issued by the U. S. Geological
Survey.




CHAPTER II.

NOTES ON FOREIGN OCCURRENCES OF QUICKSILVER.

There are few distriets besides those of the Pacific Slope in which mer-
curial ores are met with in sueli abundance as to be of great commercial
importance. The Almaden mines, in Spain, take the first rank, and those
of Idria, in southern Austria, have yielded and will eontinne to yield a con-
siderable product. Several thousand flasks a year are also extracted from
the Tuscan mines. China now produces little quicksilver, though she for-
merly exported it, besides supplying the home demand. This is not due to
the exhaunstion of the mines, and there seems to be good reason to suppose
that the deposits of Kwei-Chau are of greatextent and value. Peru has
yielded very large quantities of quicksilver in former times, but the mines
are in part exhausted and in part have been ruined by bad mining. While
the number of highly productive localities is small, the localities in which
ores occur are very numerous, and many of these have been of temporary
or loeal importance. The geological interest attaching to a locality is not
dependent upon the amount of metal which it has furnished to the markets
of the world, but upon the relations between cause and effect which the
occurrence serves to elucidate, and a brief review of the deposits known to
exist away from the Paeific Slope will form the fittest introduction to the
subjeet of this memoir. ‘

It will appear in the subsequent chapters that nearly every mineral
association and mode of oecurrence known to exist elsewhere is repeated in
California and Nevada, so that the mercurial deposits of the Pacific Slope
admirably represent those of the world so far as they are known.

I have made no systematic endeavor to exhaust geological literature
with reference to foreign ocenrrences of merenrial ores, though it is certain

that no very important deposits have escaped me. 1 have sought to compile
u
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)
74

notes on comparatively little-known deposits rather than on' those which
have been most frequently deseribed, and I have altogether omitted a con-
siderable number of unimportant occurrences in Germany and Austria, de-
seriptions of which are readily accessible-in standard works on mining
geology. Two reviews of the quicksilver deposits of the world liave been
of great use to me. These are by Mr. A. Niggerath' and Prof. A. d’Achiardi®
respectively.

The sketch-map of the world (PL II') accompanying this chapter will be
of some assistance in following the text, but its principal purpose is to illus-
trate the larger features of the distribution of cinnabar,

NORTH AMERICA.

Away from the Pacific Slope the United States possesses no known
deposits of cinnabar. There is, indeed, a settlement named Cinnabar near
the Yellowstone Park; but I am informed that no mercuric sulphide has
been found there. A telluride of mercury, coloradoite, is found with tel-
lurides of gold and silver and with free gold in some of the mines of Boulder
county, Colo, but ouly in small quantities® In notices of the distribu-
tion of quicksilver the statement has often been made that cinnabar is found
in Connecticut in river sands. I have not found a citation of the original
authority for this statement. Prof. J. D. Dana writes me that he knows of
no such ocenrrence, and it is safe to assume that no discovery of cinnabar
could have been made near the home of this famous mineralogist without
coming to his knowledge.

Towards the beginning of the century cinnabar was reported at nu-
merous points in the lastern States; it was even said to be very abundant
in the beach sands of the Great Lakes. Iad these assertions been correct
they certainly would have been confirmed.  Gold amalgam has been found
at Plymouth, Vt., and the native copper of one of the mines at Lake Su-
penm is said by M. Hantefeuille to contain a little mercary.?

! Zeitsehr. fiir Berg-, Hiitten- uml Salinenwesen im preuss. Staate, vol. 10, 186.’, P 336,

#1 metalli loro minerali e miniere, vol. 1, 1583, p. 100.

Emmons and Becker: Statistics and Technology of the Precious Metals, Tenth Census Repts.
U. 8., vol. 13, p. 66.

* Geological Survey of Canada, Geology of Canada, 1863, p, 513,
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Nova scotia—In the anriferous region of Nova Scotia cinnabar and native
quicksilver are said to have been found at Gay’s River and globules of
the metal were washed from a soft slate at Waverley.! There is certainly
nothing improbable in these reports, for cinnabar and mercury occur iu
many of the gold fields of the world.

santo Domingo.— Mr. W. S Courtney?® quotes “an Euglisli writer about
the close of the last century” as stating that there is “mercury at the head
of the river Yaque.” Mercury is also ennmerated among the minerals of
Hayti by Mr. J. D. Champlin, jr® In Mr. Gabb’s memoir on Santo Do-
mingo I find no mention of this metal.

mexico.— Qres ' of quicksilver occur at a great number of localities in
Mexico, the number of deposits being estimated by Prof. A. del Castillo at
not less than fifty. Ile is also of the opinion that the conntry is capable of
yielding annually the 2,000,000 or 2,500,000 pounds necessary for home
consumption.  Most of the mines appear to be unsatisfactory, however, for
in 1882 but one quicksilver mine was in operation.®

Quicksilver ores oceur in the following States of Mexico, arranged as
nearly as may be in the order of their latitude : Chihualina, Durango,
Zacatecas, San Luis Potosi, Gmanajuato, Queretaro, Hidalgo, Jaliseco, Iex-
ico, Morelos, Guerrero, Oaxaca. Those of Guadaledzar, in the State of San
Luis Potosi, and of Huitzuco, in the State of Guerrero, are the most im-
portant.® ,

According to Mr. D. de Cortizar™ quicksilver ores in Mexico occur in
primary, transition, secondary, and tertiary strata, but are found every-
where near eruptive rocks.

Humboldt describes one deposit as forming a vein of considerable width
and length “in veritable pitchstone porphyry.” The walls of this vein
were impregnated to some extent, so that traces of cinuabar and wmetallic

tH. How: Mineralogy of Nova Scolia, 186, p 61.

2The Gold 1Mields of St. Domingo, 1360, p. 119.

3Encye. Brit., 9th ed., article Mayti.

4 A note comninnicated to the Mining and Scientific Press, San Francisco, Jannary 16, 1375, 1 rea
gret not having been ablo to obtain a copy of this anthor’s work, Memoria sobre las minas de azogne
de America, 1872,

50n the authority of Mr. Lorenzo Castro: Encye. Bril., articlo Mexico.

63. Ramirez: Riqueza minera de Mexico, p. 91.

7Repts. Phila. Internat, Exh. 1876 to Parliament, vol. 3, London, 1578, p. 389,
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mercury were observed in the porphyry at considerable distances from the
vein.! At Durasno, between Tierra Nueva and San Luis de la Paz, in the
State of Guanajuato, he inspected a einnabar deposit forming a layer? rest-
ing on porphyry. 3 =

The einnabar deposits in the mining distriet of Guadaledzar were dis-
covered in 1840. Though they are numerous they appear to be of no
great value, for in 1874 they were not yielding enough quicksilver to sup-
ply the demand in the state in which they lie.? This distriet forms the
subjeet of a paper by Mr. Ramirez,* from which the following notes are
taken. The country rock of the district is chiefly limestone, with a few
intercalated beds of shale. The rock is compaet and usually of a bluish-
gray tint. No fossils are known to oeccur in it, nor does it stand in sueh
relations to other strata as to render a stratigraphical determination of its
age practicable. It is supposed, however, to be Cretaceous both by Mr.
Ramirez and by Mr. V. d’Aoust® The region also contains granites and
porphyries; the latter inclose deposits of silver ores, but the quicksilver
ores are confined to the limestoune in the district in which this metal has
been exploited. Aeccording to Noggerath, however, cinnabar with pyrite
and galena is also found in granite in this region.

Ores of quicksilver oeeur at numerous points along a belt nearly forty
miles in length (sixty kilometers), which extends to the northwest of
Guadaleazar. The deposits oecur mainly as layers in the limestone, but

1 Essai pelitique sur le royaume de la Nouvelle Espagne, p. 535. The vein is called the San Juan
de la Chiea. It traverses the mountain of the Calzones and extends to Chichindara. I have net been”
ablo to find these loealities on the maps.

2] ghall nse this word to translate the term mante, whieh does not seem to eorrespend to any ex-
pression recognized in English or German mining teehnelogy and scems also to bear a semewhat vari-
able meaning among Spanish-Ameriean miners, Ifumboldt (ibid., p. 584) defines mante as ‘“one
eonche horizontale,” bnt herizentality is certainly not a necessary attribute ot mantos as the term is
nsed by Spanish-American mining geologists. Rivero, in describing the depesits of Huaneaveliea, re-
peatedly unses the expression manto 6 eapa, aud capa is the term employed for a stratum of sediment-
ary roek. Aecording to F. A. Mecsta (Ueber das Vork. der Chlor-, Brom- nnd Iodvorbindungen, p. 25),
the Chilian miners use this word to deserihe any layer or sheet ef mineral, irrespeetive of origin, so
that strata of sedimentary roek and veins eressing strata, as well as dikes, may all be ealled mantos.
Rivere, however, makes a sharp distinctien between veins and mantos, and both he and the Mexican
geologists seem to me to understand by manto either an ore-bearing stratum or a deposit resembling a
stratum, such as a bed-vein, irrespective of the question whether or not the ore depesition has aceom-
panied sedimentation. No doubt the term is mueh more loosely used by miners,

3 Castillo, loe, eit.

4 Anales del ministerio de fomento, Mexico, vel. 3, 1877, p. 339.

6 Cemptes rendus Acad. sei., Paris, vol. 83, 1876, p. 280.
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irregular networks of veins, or stockworks, are also found. The limestone
forming the immediate walls of the layers differs from that which is more
remote from the deposits, the rock at the contact tending to assume a
blackish color and a compact granular structure. The deposits are ordi-
narily separated from the country rock by a deposit of gypsum.! The
chief ore is cinnabar, often hepatic and sometimes accompanied by the
seleno-sulphide guadalcazarite, first described by Mr. del Castillo from this
locality. Calcite and fluorspar are the gangue minerals. Native sulphur
occurs with the ore in the principal vein of the district, the Trinidad. This
appears to me to suggest the recency of the deposit and its deposition from
hot sulphur springs; for most native sulphur is certainly formed by the
decomposition of hydrogen sulphide in contact with air. Mr. Ramirez sup-
poses the sulphur formed by sublimation; but I do not find in his deserip-
tion any evidence of the former prevalence of very high temperatures, and
the presence of calcite and fluorspar indicates deposition from solutions.

The deposits of Huitzuco, about fifty miles north of Tixtla, in the
State of Guerrero, were discovered in March, 1874. The geology and the
deposits of mercury, silver, lead, and other metals of this state have been
described by Mr. T. L. Laguerenne.® Granite seems to underlie the coun-
try.  Upon it rest metamorphic rocks, including serpentine and eruptive
masses. In the neighborhood of Huitzuco the rocks are metamorphic slates
. and limestones which have been much disturbed. The cinnabar deposits
are mainly pockets of various dimensions and layers, but veins also exist.
The deposit of Tepozonalco is a vein (veta) between slate and limestone,
both rocks being metamorphosed and disturbed. The ore is argentiferous
and is distributed through the entire vein matter. The ordinary ore of the
district is livingstonite, a sulphide of antimony containing mercury. Cin-
nabar is said also to form pseudomorphs after stibnite.?

Prof. F. Sandberger has given a very interesting account of specimens
of ore sent to him from Huitzueco by Mr. F. Velten. They represent a series

from fresh stibnite to pseudomorphs of cinnabar after stibnite, containing only

1T suppose tliis mineral to resnlt from the reaction of iron sulphate, produced by the oxidation ot
pyrite, on the lituestone walls.

2 Anales del winisterio de fomento, Mexico, vol. 7, 1382, p. 605.

3Velten and Lebwmann; Sitzungsber, k. bayer. Akad. Wiss,, vol. 2, Muuich, 1367, p. 202, cited by
d’Achiardi,
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traces of antimony. The first step is an oxidation of stibnite to stibiconite, -
accompanied by a more or less complete impregnation with black, amorphous
metacinnabarite. The transformation of the whole niass to cinnabar follows.
The change from black to red sulphideis considered as due to the probable
solubility of mercuric sulphide in calcium sulphide. Quartz and gypsum
are the gangue minerals.!

At Chilapa also, near Tixtla, cinnabar occurs in a well defined vein
in metamorphic slate. Quartz and iron oxides constitute the gangue, and
the vein matter incloses fragments of country rock. In places the quartz
is stained with copper. Cinnabar impregnates the entire width of the vein.
At San Onofre mercurial ores occur under conditions similar to those
at Guadalcdzar; near San Felipe are veins of cinnabar in porphyry; near
Guanajuato deposits of cinnabar and mercuric iodide occur in Tertiary
clays and conglomerates; at Loma de Encinal veins of cinnabar oxist in
decomposed porphyry; and rich mercurial deposits are said to occur at
Maltrata. In 1876 Mr. Geo. T. Walker, reporting in manuseript on the
Guanacevi district, in the State of Durango, calls attention to the fact that,
in the La Colcrada silver mine, ores containing cinnabar occur close to the
hanging wall of the vein. This occurrence has a parallel in this country
near Belmont, Nev.

cuatemala.— A ccording to Noggerath, a specimen of cinnabar from Gua-
temala, accompanied by barite, exists in Berlin. I have met with no other
mention of quicksilver ores in Central America.

SOUTH AMERICA.

colombia— Mr. R. R. Hawkins, of my staff, found native quicksilver
disseminated in globules in a clay soil near the town of Cruces, on the Isth-
mus of Panama. e also found float cinnabar near the Magdalena river,
in the State of Tolima. “ Near Choco,” probably the bay of that name,
“gold amalgam and platinum ave found together.”? Humboldt mentions
cinnabar as occurring in the province of Antioquia, in the valley of the
Santa Rosa, to the east of the river Cuaca, and also between the towns,
Ibague and Carthago.

1 Sitzungsber. k. bayer. Akad. Wiss., Manich, July 3, 1875.
? Noggerath, loe, cit.
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Ecuador.— Near the town of Azogue (Spanish for quicksilver) einnabar
oceurs in veins in the more ancient sandstones. Between this point and
Cuenca, at which quicksilver has also heen mined, fragments of cinnabar
are found with gold in gravels. Deposits similar to those of Azogue are
worked within the city of Loja.!

re.—Of late years .Peru has yielded no considerable quantities of
quicksilver, though it was formerly one of the great quicksilver-producing
countries of the world. The most northerly deposit is that of Chonta,? in
the western Andes, close to the frontier of Ecuador. Mr. Bugdoll® de-
scribes the deposit as a bed in early Paleozoic rocks. It is composed of
clay, sand, pyrite, and cinnabar. The ore impregnates the sandstone foot-
wall to some extent. 1In the direction of the strike the ore is replaced by
pyrite. Veins of lead ore cross the cinnabar deposit nearly at right angles.

In the Santa Apolonia Mountains, near Cajamarca, globules of quick-
silver occur in trachyte. Specimens were exhibited at Paris in 1878 in the
fine collection of Mr. A. Raimondi.*

Humboldt notes the appearance of quicksilver at Vuldivui, “in the
province of Pataz” There is now no such provinee, and I presume the
locality to be near the town of that name. -The same geologist states that
cinnabar is found at the Baths of Jesus, 1o the southeast of Guacarachuco
(probably another form of the name Huacrachuco). These baths are no

H. A. Webster: Encye. Brit., article Ecuador.
2 The deposits mentioned in Peru being somewhat numerous, the following table may be convenient
to readers. The latitudes are only approximate:

Localities. Provinces. Latitude,
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3 Zeitschr, fiic Berg-, lliitten- und Salinenwesen im preuss. Staate, vol. 10,1862, p, 391,
4G. vom Rath: Naturwiss, Studien, Bonn, 1879, p. 372,
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doubt hot springs. IIe also mentions this ore at Guaraz (Huaraz) and near
Santa. '

In the province of Ancachs® mercury occurs in only a few deposits,
which appear to be of little value. Ttis-always found as einnabar in veins,
and mixed with other sulphides, such as galena, blende, pyrite, and gray
copper. One of the principal mines is the Santa Cruz, near Caraz. The
large amount of carbonic anhydride evolved in this mine renders its ex-
ploitation difficult.

There is a quicksilver mine in the great silver-mining district of Cerro
de Pasco, at Cuipan. The rocks of this region include granite and trachytic
lavas, as well as more or less metamorphosed sedimentary beds.?

In the mineral district of Yauli, 75 miles northeast of Lima, close to
the Punabamba ranch, in a valley of the Andes, hot sulphur springs reach
the surface and deposit considerable quantities of sulphur. Above these
springs are quartz veins carrying seams and pockets of cinnabar and pyrite.
The inclosing rocks are schists and sandstones.®

For over two hundréd years the district of IIuancavelica (sometimes
written Guancavelica) yielded almost as much, possibly quite as much,
metal as the district of Almaden, and the recorded total product of Huan-
cavelica considerably exceeds that of California. The district of Huanca-
velica lies on the eastern slope of the western range of the Cordilleras. The
rocks, according to Mr. Crosnier,* are of Jurassic age and are elevated to a
nearly vertical position, but have a westerly dip. They strike north and
south. The sedimentary rocks are the same throughout the district, and
consist of argillaceous schists, conglomerates, sandstone, and limestone,
alternating in thick beds. There are also, according to Mr. Rivero,® por-
phyries and trachytic lavas in the district, and granite is exposed at least at
one locality. All traces of volcanic action have not disappeared from this

! Explotacion y beneficio de los minerales de Ancachs, Prof. M. du Chatenet: Anales constr. civ.
y minas Peru, vol. 3, 1883, p. 3.

2Alijandro Babiuski, State engineer: Iuforme sobre el Cerro de Pasco, 1876.

3Bugdoll, loc. cit.; Mineral de Yauli, por L. Pfliicker y Rico: Anales constr. ¢iv. y minas Peru, vol.
3, 1883, p. 62.

*Anunales des mines, Paris, 5th series, vol. 2, 1852, p. 37.

& Memoria sobre el rico mincral de azogue de Huancaveliea, por Mariano Ednardo de Rivero,
Lima, 1848.
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region. In the environs of the town are hot springs still depositing sinter,
and so abundant is this material that the town is built of it. The most
famous mine is the Santa Barbara, close to the town of Huancavelica, but
there are over forty points at whieh cinnabar occurs, the most remote being
18 leagues (20 to a degree) from the Santa Barbara, and sixteen of them
within 2 leagues. The department of Huancavelica contains silver, copper,
lead, iron, and coal, as well as quicksilver.

The deposit of Santa Barbara consists of impregnations of cinnabar,
mainly in sandstone. Some observers have pronounced it a vein, but Mr.
Rivero denies that this name is applicable and considers it a layer or bed
running parallel with the beds of limestone, sandstone, and conglomerate.
Humboldt points out that cinnabar occurs close to Huancavelica in two very
different ways, in part in true veins (filons) and in part in strata (couches).
In the Santa Barbara it occurs chiefly as impregnations in portions of the
sandstone bed, though much of the sandstone is barren; but he states that
in portions of the deposit the cinnabar forms stringers, which are sometimes
rveticulated, forming a true stockwork or irregular reticulated mass. Ac-
cording to Crosnier profound disturbance of the rocks preceded the deposi-
tion of ore, and the deposit appears to me therefore to be a tabular impreg-
nation intimately related to a fissure system. The difference between such
a deposit and a bed vein does not scem great or important. DBesides pyrite
thie mine carries much mispickel and realgar, differing in this respect from
the other great cinnabar deposits of the world, though similar associations
in smaller deposits are frequent. According to Humboldt the arsenic is
found almost exclusively in the lower levels. Ie also mentions galena
among the metallic minerals. Calcite and barite are the gangue minerals.

The Santa Barbara was discovered in 1566 by Enrique Gareds, but it
had long been known to the Indians, who called cinnabar llimpi and used it
to paint their bodies. According to Mr. Rivero no historian has mentioned
that they obtained quicksilver by the distillation of cinnabar. e states,
however, that in the immediate neighborhood of the Santa Barbara there
are remains of ancient, very small, retort-shaped furnaces in which the sub-
jects of the Peruvian Incas reduced cinnabar. In this connection it is
interesting to note that in the northern part of Chili, according to Mr. V.
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Perez-Rosales,' the Indians of the present day extract quicksilver from ein-
nabar in small, rudely made, earthen retorts (cornues en terre) and supply
the demand of the gold mines of the region. IHas this industry survived
among the natives from the time of the neas? It might also be asked what
connection, if any, existed between the primitive furnaces of the Indians
and the aludels of the Bustamente furnace which was invented at IIuanca-
velica in 1633 by Lope Saavedra Barba, a physieian and prospector.

Native quicksilver is found in the pores of a trachyte at Ayaviri, de-
partment of Puno,® and this is the most southerly locality in Peru of which
I have notes.

Botivia— It is stated that cinnabar is among the ores of Bolivia and
that quicksilver is frequently found associated with silver ores.’

cniti—Mr. Crosnier, in discussing the deposits of Chili and Pern (loc.
cit.), remarks that deposits of mercury appear to occur indifferently in
stratified rocks and in granite. 'T'he Punita mine, in Chili, is in the latter.
According to -Mr. Rosales (loc. cit.) cinnabar occurs in the northern prov-
inces, especially near Andacollo, in the provinee of Coquimbo. Near the
town of Chili* cinnabar is found in dendritic forms, inclosed in quartz.
Amalgams are well known to be frequent in the Chilian precions metal
mines, especially at Arqueras.

The Argentine Republic— It has been asserted that traces of mercury have
been found in the sandstones at La Cruz and at Santo Tomé. Professor
Stelzner® regards this oceurrence as extremely problematical. These local-
ities lie in the northeastern part of the republic. The northwestern corner
of the country, adjoining portions of Peru and Chili known to contain mer-
curial ores, does not appear to have been explored to any considerable
extent.

Brazi.—There is no doubt that quicksilver occurs in southern Brazil,
but the information conecerning it is very indefinite and probably in part
erroneous. In 1865 Dr. Bosquet, a resident of Paranagua, stated that at

tssai sur le Chili, 1857, p. 166.

2G. vom Rath, loc. cit. In view of the investigatiens of later years on the snpposed trachytes of
the Pacific Slope, it is not improbable that the two mercnrial lavas of Peru are really andesites.

3J. A, Plhillips: Oro Depesits, p. 620; Keith Johnston : Encye. Brit., article Bolivia.

#*Noggerath, loc. cit. I cannet find such a town on the maps.
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one of the extremirties of the city a deposit of mercury existed so abundant
that in the rainy season it flowed from a talus on the borders of the sea.’
Mr. G. C. Broadhead states that mercury is found in rich quantities in the
province of Parand, and is also found in Santa Catherina and, in the metallic
state, in Sdo Paulo?> In 1886 Mr. J. C. Gomes, of the Brazilian legation
at Washington, wrote: “Mercury has been discovered at the Capao d’Anta,
in the province of Parand, in quantities that will permit competition with
mines of Europe, Peru, and California”® Prof. Orville Derby, of whom
I made inquiry, writes me that the only authoritative reference known to
him is by W. L. von Eschwege! Cinnabar, according to this geolo-
gist, occurs sparingly in rounded grains in gold sands in the bed of a stream
flowing from the itacolumite mountain of Cachoeira, near Ouro Preto
(formerly Villa Rica). It is not known that this locality has been re-
examined. Professor Derby has visited two localities at which it is said
that native mercury was found, but could detect none and is inclined to
suspect an artificial origin® He is of the opinion that the Capiio d’Anta
locality requires further investigation. The neighboring region is one of
undisturbed Devonian shales and sandstones. The occurrence was reported
by Mr. Keller, who visited it in 1864 or 1865, to be native quicksilver found
in loose earth in a gully, and, so far as Professor Derby knows, only a few
ounces have been collected -as a curiosity.

ICELAND.

The Great Geyser—Dring his well-known investigation of the Great Gey-
ser, Mr. Des Cloizeaux found metallic mercury and mercuric sulphide in
the geyserite of which the basin of that remarkable spring is composed.
At the time of this examination similar occurrences elsewhere were un-
known or had been very imperfectly studied, and the probability that the
presence of the metal was due to artificial transportation seemed so great

1 Bull. Soc. géographie, Paris, 5th series, vol. 9, 1865, p. 523.

2 Rept. Phila. Internat. Exh. 1876 to Parliament, vol. 3, Londou, 1873, p. 494.

3Commercial and Emigrational Guide to Brazil, Compiled and Translated from Official Puhlica-
tions, Washington, 1886.

4 Beitriigo zur Gebirgskunde Brasiliens, 1832, p. 233.

&5 The localities are the island of Itaparica, in front of the city of Bahia, and the fagenda de Bon
Snccesso, on tho Rio das Vellias, mentioned by R. F. Burton (The Highlands of Brazil, vol. 2, 1869, p. 69).
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as to deter Mr. Des Cloizeaux from mentioning the discovery in his memoir
on the Great Geyser! He collected numerous specimens, however, some
of which he was kind enough to show me, and noted the conditions in
detail. During the last forty years quicksilver and its sulphides have re-
peatedly been discovered in close relations to thermal springs, and it no
longer seems intrinsically improbable that this occurrence was produced by
- deposition from natural solutions. Indeed, it has repeatedly been referred
to in the later literature, though not by its discoverer, as if it were beyond
question a natural deposit.

The basin of the Great Geyser is about eighteen meters in diameter,
and the point at which the quicksﬂver was found is within the rim exactly
due east, magnetic, from the vent. Traces of the metal were detected over
an area of about one square meter, and Mr. Des Cloizeaux ronghly esti-
mates the entire quantity of mercury which he collected at about half a-
pound. It occurred at depths from the surface of the sinter varying from
one or two millimeters to about four centimeters. The specimens which I
saw seem to show that the mercury was originally deposited in the me-
tallic state, for liquid globules of the metal about two millimeters or less in
diameter are often partially enveloped in ernsts of black sulphide, mani-
festly produced by the action of soluble sulphides on the inclosed metallic
drops. Portions of the sinter, at some distance from visible globules of
quicksilver, were stained black by mercuric sulphide, and at some points
small quantities of the red sulphide made their appearance.

The fact that cinnabar accompanies this quicksilver shows that the
water of the geyser is capable of dissolving traces of mercuric sulphide; for,
had not this been the case, only metacinnabarite conld have resulted from
the attack of metallic mercury by soluble sulphides. The investigations
described in Chapter XV of this memoir also show that mercuric sulphide
is soluble to a considerable extent in waters of a composition similar to that
of this great spring. Such solubility is evidently a necessary condition of
the hypothesis that the mercury was deposited from the water.

On the other hand, there are circumstances connected with the occur-
rence which seem to me to point somewhat strongly to an artificial origin.

! Annales de chimie, Paris, vol. 19, 1847, p. 444. The information givenviu the text was verl;al.y;
communicated to me by Mr. Des Cloizeaux.
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Judging from the specimens, it would appear, as already mentioned, that
nearly or quite all of the guicksilver was originally deposited in the metallie
state and that the sulphide accompanying it is of secondary origin. Now,
thongh more or less native quicksilver often accompanies deposits of cinna-
bar, the metallic mereury usually forms but a small proportion of the entire
ore. To this rule there are some exceptions. At the Rattlesnake mine, in
California, for example, a large part of the quicksilver was native, but here,
and at other points in the same State at which native quicksilver was abun-
dant, it was also accompanied by nnusual quantities of bituminous oils, whieh
were probably not without effect upon the form in which the metal was
deposited. Near Montpellier, France, also, quicksilver has been found in
some quantity, so far as I know unaccompanied by cinnabar. But the depo-
sition of quicksilver, almost exclusively in the metallic state, from waters such
as that of the Great Geyser, containing soluble sulphides and little orno or-
ganic matter, is very hard to understand. It is also very difficult to account
for the distribution of the metal on the supposition that it was brought to the
surface in solution by the heated waters. The basin of the Great Geyser
is extremely symmetrical; in other words, the deposition of mineral matter
takes place with great uniformity on all sides of the vent. Now, although
the quantity of quicksilver found was by no means inconsiderable at a
single spot, it was detected nowhere else in the basin. It seems highly
improbable that the metal should have been deposited from the water
without any approach to symmetry of distribution. In the opinion of Mr.
Des Cloizeaux, it is not difficult to imagine circumstances under which a
barometer might have been broken at the point where the mercury was
found. The water sinks periodically into the vent, leaving the point in
question bare, and returns again with a rush. An observer, taking the op-
portunity to advance as close to the vent as possible, wounld have to fly for
his life as the water returned, and might well drop his instruments.

Professor Bunsen, who, as is well known, was engaged in investigating
the geysers at the same time with Mr. Des Cloizeaux, also examined this
occurrence of quicksilver, and has informed me that in his opinion it was
certainly the result of an accident and was not a natural deposit.
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EUROPE.

Northwestern Europe. — Amalgams have been found at Kongsberg, in Nor-
way,! and at Sala, in Sweden,? but no cinnabar has been discovered in
Scandinavia, so far as I am aware. In the Scotch highlands, Black? re-
ported an ore containing lead, copper, and a little silver, which, on distilla-
tion, yielded some mercury. Possibly this may have been a tetrahedrite.
According to Prof. R. Jameson, a quantity of quicksilver was found in a
peat moss on the Scotch island of Isla about the beginning of this century.
Some further search was made with no result! I should regard such an
occurrence as almost certainly due to human agency.

portugal.— A quicksilver mine is said to have existed in the latter part
of the last century in gravels. The locality seems to be at Conna, on the
Tagus, not far from Lisbon.’

spain— Near Mieres,® to the south of Oviedo, in Astuna, cinnabar
deposits, which had been worked long ago, and probably by the Romans,
were rediscovered soon after 1840. The country rock in this district is
composed of carboniferous sandstones and schists. The crest of a range
of hills is formed of a breccia, bounded on both sides by broken and con-
torted beds of sandstone and schist, and composed of fragments of these
rocks. In this breccia, or belt of extreme disturbance, occur cinnabar,
pyrite, mispickel, and realgar. The ore is thus similar to that of Huan-
cavelica. The cinunabar fills cracks and interstitial cavities and sometimes
appears as impregnations Some streaks of ore arc four to six inches in
width. My authority speaks of no gangue mineral, but mentions a deposit
of ferrous carbonate in one portion of the belt with the cinnabar, and, so
far as gangue minerals are present, they are perhaps carbonates. The
ore-bearing belt is forty-five to sixty-five feet wide and about four miles
in length. Tt seems manifest, as Mr. Klemm concludes, that these deposits

! Reports of the American Commissioners on the Paris Exposition of 1878, Mining Industries, by
J. D. Ilaguc, vol. 4, p. 270.

? A. Noggerath, loec. cit.

3Noggerath, loc. cit., probably Joseph Blaek, who wrote various treatises towards tho elose of tho
last century.

4 Mineralogical Travels etc., vol. 1, 1813, p. 153.

5V. dAoust, Comptes rendus Acad. sci., Paris, vol. 83, 1876, p. 239, and Noggerath, loe. eit.

6J. G. Klemm : Berg- und hiittenm. Zeitung, vol. 26, 1867, p. 13.
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are more recent than the shattering of the mass in which they occur. At
Santander, in the same provinee, einnabar forms pockets in the lead and
zine ores.! Casiano de Prado mentions the occurrence of cinnabar and
coal together from this province, the coal being unaltered.

The mines of Almaden are not only the greatest quicksilver mines in
the world, bnt have yielded a product exceeded in value by very few mines
of any kind? The name given by the Moors (al maden, the mine) was
therefore not inappropriate. Cinnabar from Spain is frequently mentioned
by the ancient writers, and the indications are that it came from this locality.
The accounts reach back to 415 B. C., when an Athenian, Callias by name,
is said to have invented and made known a method of separating cinnabar
from earthy matter and to have acquired a fortune by mining in Spain.
Pliny deseribes the locality under the name of Sisapo in such a way as to
leave no doubt that the mining district of Almaden is meant. A few tons
of cinnabar were extracted yearly by the Romans for use as pigment. The
mines were certainly worked by the Moors, but no details are now extant.
Work on a considerable scale, so far as is known, was first initiated by the
German bankers, the brothers FFugger, to whom the mines were farmed in
1525 and who retained control till 1645. The demand for quicksilver did
not in fact reach large proportions until the discovery of the process of
extracting silver from its -ores with the help of mercury by Bartolomé de
Médina, a Mexican miner, in 1557. Work seems to have been prosecuted
from the earliest times on portions of the deposits which are still being ex-
ploited. Various other deposits within a distance of ten miles have been

1 G. Dewalque: Revne de géologie poar les années 1861 et 1860, vol. 4, Paris, 1866, p. 94.

2The principal authority on the geology of the Almaden mine is Casiano de Prado, Bnll. Soc.
géologique France, 2d series, vol. 12, 1855. The paleontological portion of this memoir is by Messrs. do
Veroeuil and Barrande. All subsequent writers owe much to this important work. Valnable pa-
pers have also been pnblished by the following geologists and engineers: Beroaldez and Figueroa
(Memoria sobre las minas de Almaden y Almadencjos, Madrid); A. Noggerath (Zeitschr. fiir Berg-,
Hiitten- uond Salinenwesen i prenss. Staate, vol. 10, 1852, p. 361); José de Monasterio y Correa (Rev.
noiv. mines, vol. 29, 1871, p. 1); 11. Kuss (Annales des mines, Paris, vol. 13, 1878, p. 39); and Caron
(Zeitsehr. filr Berg-, Hiitten- und Salinenwesen im preuss. Staate, vol. 28, 1880, p. 126). More gencral
is M. D. de Coridzar’s Reseiia fisico-geologica do la provioncia de Cindad Real. Prof. R, Helmhaeker has
investigated the diabase and piedra frailesea of Almaden in Tschermaks mineralogische und petro-
graphische Mittheilungen, 1877, and Prof. Salvador Caldersu has studied the massive rocks of the dis-
trict (Anales Soe. espafi. hist. nat vol. 13, 1834, p. 227).

The aceount of Almaden given in the text was eompiled before my visit to the spot, and I have
added to it only ono or two observations which secmed necessary to obviate misunderstandings. My
own results will appear separately.
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discovered from time to time, but are said now to be exhausted or abandoned
for other reasons.

The prevailing rocks of the Almaden distriet are sehists, quartzites,
and sandstones, together with small quantities of limestone, all of Silurian
and Devonian age. Intimately associated with the deposits, though seldom
in direct contact with the ores, is a rock called piedra frailesea. According
to de Prado this is a metamorphosed breceia, consisting of grains of quartz,
caleium carbonate, dolomite, and fragments of schist cemented by dolomitie
caleite. It occurs in lenticular masses intercalated in the schists and has
been found to contain Silurian fossils. Messrs. Helimhacker and Calderon
regard the rock as a diabase tufa. Cracks in this rock sometimes carry
cinnabar, the deposition of whicli is therefore later than the breceiation.

The distriet lies upon the northern flank of the Sierra Morena. In
this range are extensive areas of granite, and a rock also called granite
crops out at various points not many miles to the north of the mines. Di-
abase, or melaphyre, has broken through the sedimentary rocks and oceu-
pies considerable -areas near the mine, and a small quantity of porphyry,
regarded as trachytic by de Prado, but as Pre-Tertiary by more recent Span-
ish geologists, exists some six miles northeast of Almaden. The sediment-
ary rocks are nearly vertical and are said to be little disturbed by the
diabase eruptions, which have naturally reached the surface along the
planes of bedding. The strata carry enough fossils for a satisfactory de-
termination of the age of the rocks as a whole, but the same beds seem to
reappear more than once in the compressed folds, and it is often difficult to
decide to which of the periods a particular stratum belongs.

The Almaden district contains many deposits of cinnabar scattered
over an area of about ten miles by six, but neither these nor the ranges of
hills exactly follow the strike of the strata, which is very closely east and
west. There seems to be some tendency, however, both with the deposits
and the ranges, to arrangement in the same direction.

The chief ore is of course cinnabar, aceompanied by relatively small
quantities of metallic mereury. Pyrite ocenrs in small guantities, and
Caron detected chalecopyrite. Gangue minerals have been said to be al-
most entirely wanting, but Noggerath detected a little heavy spar with the
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ore, and spots of bituminous matter are sometimes found. I found quartz
gangue abundant both in the reserves and in the newer exposures.

The deposits of the Almaden mine consist of three tabular masses of
ore, nearly 600 feet long and from 12 to 25 feet in thickness. They stand
almost vertically and nearly coincide in position with the surfaces of strat-
ification. The southernmost body is called San Pedro y San Diego; then
come the San Francisco and, still farther to the north, the San Nicolas.
The first of the three consists of a stratum of sandstone (or quartzite, as it is
called by some authors) impregnated to a large extent with cinnabar. The
impregnation differs in degree and is sometimes so complete that de Prado
infers a partial replacement of the material of the rock by the metallic sul-
phide. Most later writers have accepted de Prado’s view, but I could find
no evidence to sustain it. In the two more northerly bodies the deposits
consist of quartzite intersected by stringers and seams of cinnabar. The
seams are sometimes parallel to one another and sometimes intersect the
rock in cvery direction. Occasionally portions of the quartzite appear to
be impregnated with cinnabar. The walls of the deposits are formed by
quartzite and slate. When quartzite is the wall rock the ore dies out into
it gradually, but’scarcely a trace is to be found in the slate. Diabase in a
highly decomposed condition is said to cut off the San Nicolas and the San
Francisco to the east.

The ore does not always follow a single stratum, but, according to
Kuss, sometimes passes abruptly from one stratum to another. Slicken-
sides are noted in the schists by Caron, who also mentions small faults in
the San Nicolas, which did not reappear in the San Francisco.

There has been much difference of opinion as to the classification of
these deposits. Iarly authors regarded them as veins; de Prado, who con-
sidered that the ore was introduced from below after the formation of the
beds, regarded the deposits as ore-bearing strata, but not as veins. Nog-
gerath assents’to this opinion, pointing out that many phenomena common
in veins are not found here. Caron calls them impregnations and denies
that they are veins or beds. Kuss says: “So soon as one admits, with Mr.
de Prado, that the mercury is derived from the earth’s interior, so soon as
one recognizes that the deposits of Almaden form relatively narrow belts,



35 N
;; ‘BARY; v
SPANISH LOCALITIES, ~ (0.0 %) 81
NELIFoRY
following a single direction and having a determinate dip, we do not see
how one can refuse them the name of veins.” For my part I am not aware
that any defiuition of vein has been proposed which would exclude the San
Francisco and the San Nicolas as they are deseribed, nor ean I see how a
definition could be given which would exclude these bodies without also
excluding the greater portion of known veins. The San Pedro y San Diego
would also seem from the desecriptions to be a vein-like impregnation, differ-
ing from the others chiefly in the size of the interstitial cavities, which, for
the most part, the cinnabar has filled. '

It is a very remarkable fact that the Almaden mine appears to grow
richer as the depthincreases. No other known quicksilver deposit exhibits
this valuable peculiarity exeepting the Idria. It is also interesting to note
that the other deposits of the Almaden district have given out in depth,
though they occupied a similar position in the same rocks. The relations
of cinnabar deposition to depth are thus evidently determined by purely
local causes, and not by any general principle governing precipitation.
Hence it is quite possible that deposits which grow stronger as distance from
the surface increases may be found in any quicksilver.district  Monasterio
and Kuss believe the deposition of ore and the eruption of the diabase to
be closely related. : .

The province of Granada also contains quicksilver along the southern
base of the Sierra Nevada. That range is composed of micaceous and
chloritic schists and serpentine. The central mass contains little ore of
any kind, but gold, lead, copper, zinc, cobalt, and nickel ores are found
along its edges. The quicksilver belt has been traced from Torbiscon, in
Granada, to Purchena, in Almeria, and runs on a somewhat more northerly
course than the Sierra. This strip of country contains numerous veins of
cinnabar in talcose schists of Triassic age. The mercurial ore is aceom-
panied by gray copper, sulphides of nickel and cobalt, and oxides of iron.
The veins are small and irregular. In the soft rocks there is a tendency to
the diffusion of ore.!

Mr. A. Heekmanns, a mining engineer of large experience in the
mineral districts of Spain and Algeria, informs me that a distinet vein

! Guillemiu-Tarayre, Comptes rendus Acad. sci., Paris, vol. 100, 185, p. 1231,
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carrying cinnabar exists in slates supposed to be Silurian in the Sierra de
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